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ABSTRACT rContinue on reverse side If necessary and identify by block number)

In spite of a slight decreasec in the number of fatal myocardial inf
over the last few years, coronary disease remains this country's number ono

A recent U.S. Air Force report estimated that cardiovascular inci-
dents involving active duty personnel cost the Air FPorce $64 million per

killer.

year.

In addition to traditional risk factors (e.g., age, smoking, cholesterol
level), the concepts of coronary-prone behavior and stress responscs as

arctions
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20. ABSTRACT (Continued)

major factors in the development of coronary disease have, within the last
decade, received wide support. Research on the Type A coronary-prone
behavior pattern has shown Type A's to be higher than Type B's on a number
of biochemical and psychophysiological variables associated with accelerated
development of atherosclerosis.

Current methods of assessing coronary-prone behavior using either the
structured interview or the Jenkin's self-report questionnaire have inherent
methodological limitations or assumptions that substantially reduce, their
utility, especially when they are used to help detect subclinical heart disease
in an educated population, such as Air Force pilots, which is highly motivated
not to display cardiovascular disease symptomatology.

Since hyperreactivity or hyperlability of the sympathetic nervous system is
thought to be the major physiological mechanism underlying coronary-prone
behavior, an extensive review of the literature was undertaken to determine
whether it would be feasible to measure coronary-prone behavior more directly
by means of autonomic response profiles. On the basis of this review, I
consider such a project.to be feasible and recommend a multistage project for
the development and testing of a protocol to measure autonomic reactivity
under stressful conditions.
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MEASUREMENT OF CORONARY-PRONE BEHAVIOR AND AUTONOMIC REACTIVITY

INTRODUCTION

The major cause of death in the United States for some years has been
. coronary disease. A 1979 U.S. Air Force report estimated that one-third of
the cardiovascular incidents to active duty personnel result in death or
disability, that each death or disability of a flyer costs approximately
$495,000, and that the total direct costs of cardiovascular disease to the Air
Force are approximately $64 million per year (204).

e ——.

Traditionally, a number of risk factors have been associated with cardio-
vascular disease (e.g., age, smoking, cholesterol level). Since the early
1960s, however, increasing evidence suggests that the way an individual
-typically responds to potentially stressful situations is related to the
development of atherosclerosis and myocardial infarction. This report reviews
the literature on the Type A coronary-prone behavior pattern and suggests
directions research should take to further refine the assessment of coronary-
prone behavior. '

Obtaining reliable and valid measures of coronary-prone behavior suitable f
for large-scale screening, and not reliant on self-reporting techniques, has ¢
special significance for the Air Force. Pilots represent a highly educated, ‘
physically fit population that is highly motivated not to disclose or display »
any symptomatology that might result in nonflying status. Each year the
average age of pilots tends to increase (at present, 44% of USAF pilots are 35 [
or older), and flying becomes more demanding as planes become faster and more
sophisticated. New assessment procedures therefore become increasingly im-
portant to ensure that pilots are physically and emotionally able to handle
these increasing demands.

et A

CORONARY-PRONE BEHAVIOR

The concepts of coronary-prone behavior and stress responses as major
factors in the development of coronary disease have received wide support.
Typically, this behavior is characterized as--

(2) excessive desire to control the environment
(3) a highly developed need for competitive achievement-striving
. (4) aggression or hostility.

Individuals with such behavior perceive their environment primarily in terms
of challenges and frustrations, and hyperrespond to these stressors. The
precise psychophysiological mechanisms underlying these relationships are at
present poorly understood; however, a major componcnt appears to be situational
hyperreactivity or hyperlability of the autonomic nervous system (1-5).

{
. (1) an overdeveloped sense of time urgency ‘
:
3
i
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Fricdman and Roscnman (6,7) have nawed the protfile described above the
“Iype A Coronary-Prone Helhavior Pattern.” It s typically measured by the
structured Interview (8) or the Jenkins Activity survey (9,10).  Resecarch
ciploying these measures has demonstrated Type A behavior relationship with
myocardial infarction in numerous prospective and rotrospective studies (11-14)
and with degree of coronary artery occelusion as assessed by coronary angiog-
raphy (15-19).

Type A individuals have bLoeon shown te differ from Type 8's on several
biochemical measurcs, Including rlcie

crum cholesterol (20,21), higher tri-
glycerides (22), fastur clotting time (20), and increased urinary and scerum
norepinephrine (23,24) . Type A's have also been reported to have higher
situationally induced changes in blood pressure (25-30) and heart rate (26,27)
and to differ from Type B's on a variety of behavioral variables including
tatigue suppression (31), preferonce to wait in a group and work alone (27),
working at tastoer rates in absence of deadlione (32), and performing relat ively
poorly on tauks requiring slow vocponse taley (3s).

Not. all resoarchers, howover, have obtaincd the expected A/B diffoerences

(3:1); and a fow investlgators faves attesnmted, with mixed success, to subdivide
the Tvpe A catoegory by using additiopal variablen. Por cexample, Schoerwitz
{35 found that A's who habitually roforred te themselves frequently exhibited
hi

1gher task-related increases in blood pressure than A's who did not. Manuck
(27} studied task-related bloed pressure and heart rate changes of internal

and external locus or control Tvpe A's and Type L's, but found few differences.
The vast majority of current rescarcn, howover, opervationally defines coronary-
prone behavior solely in terms of the structured Toterview (£I) and/or the
Jenkins Activity Sarvey (JAS).

Althouyh the use of the 51 and the JAS has focusced attention on the
importance of behavior and stress reactions in the development of cardiopathol-
ogy, defining coronary-prone behavior patterns solely in terms of these two
measures has led to methodological proplems.  Specifically, the Structured
Interview produces a five-category sort {(Al, A2, X, B3, B4), with approximately
G0=-70% of most populations being Al or AL In addition, the divisions between
the categories are highly subijective and NOT operationally defined, lcading to
relatively poor interrater and intrarater reliability, cospecially for a five-
category sort.  The JAS avolds thesce two problems but creates two others. The
current version (Form O, Isychology Corp., 1980) is a pencil and paper test
consisting of 52 multiple-choice itemg. Answers are differentially weighted
on the basis of factor loading:, and the test gencrates four scores--cach
basced on a subsct of 13 different questions.  Scoring, therefore, is completely
objective, but validity of the scores reguires subiect self-awareness and
honesty. At best, these assumptions are dubious when applied to most popula-
tions; at worst, the test scores arce easily manipulated by a person of average
intelligence with a casual understanding of Type A behavior.

Since autonomic reactivity is assumed to be a major mechanism linking
coroncry-prone behavior and cardiovascular pathology, refining the measurement
of coronary-prone behavior by systematically investigating individual differ-
chiecn in autonomic responsivity seems rore logical than refining the measure-
ment of voice stylistics and mannerisms (the basis of the SI assessment) or
attempting to increace sclt-awarceness and honesty in self-reporting (implicit
in the JAS).
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Research on risk factors and coronary discase has been largely validated
in terms of atherosclerosis and coronary angiography. Many individuals,

however, die suddenly with minimal coronary artery occlusion--suggesting vaso- 4
: spasm and/or electrochemical malfunction rather than physical obstruction as ¥
N the major underlying factor. Several recent theoretical and review articles

(36-40) have focused on psychological factors and autonomic nervous system 4

responses to stress, and the relationships of these variables to vasospasm and
"sudden death," thus supporting the strateqy of approaching coronary-prone
behavior in terms of individual differences in autonomic responsivity.

STUDIES OF AUTONOMIC NERVOUS SYSTEM ACTIVITY

For convenience, the discussion of studies of autonomic nervous system
(ANS) activity will be divided into three categories:

(1) Autonomic balance or dominance between the sympathetic and the
parasympathetic branches

i (2) Individual-response specificity (stereotypy) versus stimulus-response
specificity

(3) Relationships among physiological, behavioral, and personality
variables in one or more specific populations.

Autonomic Balance

Contemporary research on balance within the autonomic nervous system
derives from Eppinger and Hess' concept of vagotonia and sympathicotonia first
published in 1910 (41). They postulated that normal body functioning repre-
sented a balance between the mutually antagonistic sympathetic (SNS) and
parasympathetic (PNS) branches of the ANS and that imbalance would account for
a variety of disorders. This model guided Wenger's classic work on psycho-
physiological measurement of the ANS during the 1940s and 1950s (42-45). He
restated their original hypothesis in 1941, using chemical rather than ana-
tomical differentiation for the branches of the ANS as follows (42):

The differential chemical reactivity and the physiological antag-
3 onism of the adrenergic and cholinergic branches of the autonomic
nervous system permit a situation in which the action of one branch
may predominate over that of the other. This predominance, or auto-
nomic imbalance, may be phasic or chronic, and may obtain for cither
the adrenergic or the cholinergic system.

Autonomic imbalance, when measurcd in an unselected population,
will be distributed continuously about a central tendency which shall
be defined as autonomic balance.

For a summary of earlier work on the psychophysiology of the ANS, see Darrow's
excellent 1943 review article (46).

SRRV

Wenger's strategy was to measure several noninvasive psychophysiological
variables (e.g., dermographia, salivary output, heart period, skin conductance,




respiration period, systolic and diastolic blood pressure). Each of these
measures was interpreted in terms of a continuum of sympathetic-parasympathetic
dominance. lle hypothesized that

(1) these measures would be highly intercorrelated (i.e., increased
heart rate, blood pressures, perspiration with a high degree of vasoconstric-
tion, and decreased salivation would indicate sympathetic dominance over the
opposite responses, parasympathetic, and

(2) individuals would be normally distributed along this continuum: the
central portion of the distribution corresponding to persons in "autonomic
balance,” with individual scores clustered about the mean scores on each
variable; and scores clustered either in the lower or upper end of the con-
tinuum representing persons in "imbalance.”

To Wengyer's consternation, almost two-thirds of the 632 young adult males
tested in 1244 showed mixed patterns not consistent with this model (44).
Some of his later work discusses "mixed" patterns, and five patterns (the
three stated at the first of this section plus two mixed patterns--beta and
Tb) have been reported (47,48). Wenger's research, however, continued to .
focus on the idea of a single continuum of "scores of autonomic balance" (A),
and his factor analyses of the data were directed toward refining a regression
cyguation for the asscssment of A--a general factor of ANS activity under
resting conditions.

The most recent published version of Wenger's equation (45) computes a
by taking the raw Jdata from seven tests (persistence of red dermographia,
salivary output, heart period, standing palmar conductance, volar forearm skin
conductance, respiration period, and julse pressure), converts them into
standard T scores, multiplies them by their beta welghts, and then adds these
weighted standard scores. TFor most populations, this procedure produces a
distribution of A with a mean and standard deviation of approximately 70 and
7; low scores are interpreted as sympathetic dominance, and high scores as
parasympathetic dominance. It is worthh noting that the sum of the beta weights
for hecart peried and standing palmar conductance are equal to the sum of the
beta weights for the other five variables combined. The A score, therefore,
i+ heavily welghted by these two variables.

This approach, the determination of a regression equation for a single
general factor, is by its unidimensional nature restricted in its ability to
distinguish among members of a population suffering from a variety of multi-
faceted disorders. If the research goal is to distinguish among individuals
on the basis of autonomic activity, this strategy appears both restrictive and
simplistic when compared with a multitactor model.

During the 1960s Wenger's research interests shifted to include the study
of ANS activity during sexual arousal. He noted ". . . the concept of auto-
nomic balance, i.e., relative ONS or PNS dominance, which has been profitably
applied to the cxamination of comparatively stable conditions in groups
(Wenger 1966), may not be particularly relevant to complex and highly special-
ized emotional episodes such as sexXual excitement.” (49) Nevertheless, his
1972 article, summarizing morce than two decades of research, contains the
following ". . . the¢ antagonistic control of most ANS functions by the two




branches of the system automatically sets the stage for the appearance: of
general factor of autoncunic function." (49)

a3

Some of the Wenger group's most recent rescarch on autonomic balance in
young women makes reluctant and limited use of a multifactor approach (50).
In their factor analysis of the data, Lucio and Wenger made presumptive decisions
about the underlying physiological functions and then selected one measured
variable (which they felt was representative) for each of these underlying
functions. Analysis of the 10 selected variables produced six factors which
Lucio and Wenger suggest "are not readily interpretable," and one very weak
general factor. An interesting finding, however, is that heart period had the
highest or second highest loading on three of these six factors.

Cattell (51), on the basis of additional factor analysis of Wenger's data
and data from numerous other human and animal studies of psysiological and
behavioral variables related to autonomic function or emotionality, suggests a
three-factor model: a general autonomic ectivity factor identical with anxiety
and two other autonomic activity factors--sympathetic activity and parasympa-
thetic activity~-which he notes appear to be more states than traits. This
latter suggestion by Cattell is consistent with recent work on Type A coronary-
prone behavior, which has demonstrated that the greatest psychophysiological
differences between Types A and B are situationally induced reactive phenomena
(26-28). If a state model of ANS activation is valid, then Wenger's approach,
which is primarily based on data obtained under passive relaxed conditions,
would fail to distinguish among individuals on the basis of their ANS function-
ing. Although most of Wenger's studies did not include muscle tension/motor
activity measures, Cattell's analyses of related studies suggest a fourth
factor, a "motor discharge" factor.

More recently a general-factor approach to ANS functioning has been
adopted by Porges (52), who has suggested a technique to assess autonomic
balance based on the covariance of heart rhythm and breathing. In essence,
Porges' approach conceptualizes heart rhythm as an additive model of three
components-~sympathetic influences, parasympathetic influences, and effects
intrinsic to the heart, the latter being assumed to be random relative to the
fluctuations of the SNS and PNS. Respiratory changes are assumed to be
completely vagally innervated and are used to estimate the PNS contribution to
heart rhythm by using a weighted measure of coherence derived from a cross-
spectral analysis of simultaneously recorded heart rate and respiration data.
Porges' research applications have been primarily with hyperactive and autistic
children. Harrell (53) examined the weighted coherence scores of normal
adults in response to a series of signaled 105-dB bursts of white noise. He
found that above~-the-median-coherence subjects (interpreted as relatively more
parasympathetic dominant) tended to have greater stimulus-induced increases in
heart rate and less stimulus-induced heart rate variability. These results
are not consistent with predictions made from Porges' equation.

A different single-factor approach has been suggested by Patton (54). He
created an "Index of SNS" by calculating T scores for each subject on each of
four autonomic measures (pulse, systolic blood pressure, instep temperature,
and square-root palmar conductance)} under relaxed and four task conditions.
Using mean scores and lability scores (55) for each task condition (based on a
"nonstress comedy" condition as a baseline, he found that relative tc other
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subjucts, individuals respondoed corsaitently across task conditions in terms
both of chanves and ot absolute Teve! of cympathetic activity.

Although Wenger's rescarch 1o the rost comprehensive and well-controlled
thvest hgation of AN responses i tin litcrature {and these research efforte
span more than a Jdecade of active weera), s findings have stimulated sur-
prisangly little additiondd resoaron, /o search of Science Citation Index for
the poriod 1974-60 located L7 article: c.ting cne or more of Wenger's reports,
put only one of these articles used the concept of autonomic balance in the
sense that Wenger used the conustruct vou); most were citations to illustrate a
minor point in the citing article.  lhis lack of continuing research, however,
may  n large vart be Jdue to thee rfact that Wenger's work is based on a single
venceral-factor model Yor ANs functio:ning and that his data were collected under
relaxed conditions.

N

Aosomewhat JdlUierent concu;s

!szurion of autonomic balance has been pro-
pored by Gollhorn (H7-00), wWho oaguust.. a two-{factor model. In this model
actlvation or ¢ sympathetic oranch {ergotrople activity) is associated with
actron-orientoed Coplieg responses, wWoaoroas trevhotropic (parasympathetic) activity
14 asrtoclated witil passive rosponscs. nonormals, these two systems are
palanced in tholr ablility to respond Lo any Jgiven stimulus. The ANS may be
"tuned, " however, cither ergotrophiically or trophotropically; in either case the
rociprocal system is less offective.  wellhorn's model predicts that an organism
15 more apt te respond in accordance wotln the state of the tuning, even when the
stimulus would produce the reciprocal response in a normally balanced organism
(i.c., when compared to a balanced orgar 1sm, an organism that was ergotrophi-
cally {(sympathetically) tuned would tone! to roespond with enhanced sympathetic
response and dimindished parasympathetic rebound to ANY stimulus situation).

For example, this wode! would predict lat an individual who had a high-baseline
tunction (v.g., heart rate, 17-CH0:y lovol: ard was ergetrophically tuned, would
ander stress tend to exhiblt relativesy parye increases from the already high
bazceline; wheveas an individual wino Lud o Zow bascline and was trophically
tuned, would cend to decrecase from the lheady Jow-baseline level. These
changes would move the individual furtihior from the population mean.

The Law of Initial Values {(6l) wouiad predict that population extremes
measured under baseline conditions (inttial values) would tend to regress
toward the mean under stress.  (The Law of Initial Values is discussed further
1n the next scection.) tn addition to scveral studies discussed by Gellhorn in
the previously cited articles, rescarch by Mason et al. (62,63) on 17-0HCS
levels found that some chronically low 17-0HCS excretors tended to suppress
their 17-0HCS production even more on :=tressful days than on average days.

Stereotypy Versus otimuius-Response sSpecificity

Some studies of ANS reactivity have attempted to denonstrate individual-
response specificity (scereotypy) as contrasted to stimulus-response specific-
ity. The most widely cited proponents of this position are John and Beatrice
Lacey (64-69). During the 195035 thev conducted an extended series of studies
using measures of palmar conductance {(veoistance), heart rate, heart rate
variability, and systolic and diastolis blood pressure, taken during several
cognitive~task and noxious-stimulation situations (e.g., cold pressor, hyper-
ventilation, mental arichmetic, wor fluency). They concluded that
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For any set of autonomic functions, all iz exhibit, in responsc to
effective stimulus-conditions, idiosyncratic patterns of autonomic
activity. These patterns of response tend to be reproduced from
one stressor-episode to another, from one occasion of measurement
to another. (69)

One interesting methodological suggestion by the lLaceys is that an alerting
period (i.e., a quiet announcement of what the next task will be and that the
task will begin in 60 scconds) tended to reduce the common factor of arousal
generated by a task following a relaxed physiological state. If the Laceys'
conclusion is correct, this common anticipatory alerting response may be an
example of Cattell's general anxiety factor.

Other studies have focused on similarities of physiological responses
across subjects, usually to specific emotion-provoking stimuli or sensory
conditions (stimulus-response specificity, or "specificity”). The most widely
researched stimuli are associated with subjective reports of fear and anger,
and several researchers have demonstrated differential physiological response
patterns to these two stimuli (70-72). Additional situations include those
producing sadness or mirth (73), sexual arousal (49,74), and prolonged stay at
altitude (75). 1I believe, however, that to seek either stereotypy or specific-
ity creates a false dichotomy, not unlike the futile attempts scveral years
ago to attribute given behavior to either heredity or environment. Both logic
and available data suggest that although individuals have relatively consistent
idiosyncratic response patterns, they also si:ow similaritics to a given set of
conditions. Therefore, depending on the homogeneity of the populations and
the quality and intensity of the stimulus situations that are compared, it is
possible in a given study to emphasize either individual differences or similar-
ities. For example, although Sersen (76) found stereotypy in his study of
skin conductance, heart period, respiration, and blood pressure across six
stimulus conditions, he also found stimulus specificity--which does not seem
surprising, considering the conditions he used. Essentially, he found that
subjects' response patterns to a tape recording of a poem, a tape of classical
music, and a white field illuminated ky a 60-W light bulb were similar and
that they differed from responses (also similar to one another) to 100-dB
sound, a cold pressor test, and difficult math calculations.

In addition, however, Sersen demonstrated that data analysis (i.e., task
scores versus change scores, and whether a regression model or a covariant
model is used to analyze changes from the baseline) can markedly alter the
relative contributions attributed to stereotypy or specificity (77,78). The
best method of analyzing change scores, however, is still open to dcbate. The
argument in favor of a covariant analysis of changes from the baseline (initial
value) derives largely from the Law of Initial Values (LIV)--which states that
the higher the initial level of a function, the smaller the response to function
raising and the greater the response to function lowering (61). More recently,
however, Gellhorn's two-factor model (discussed in the previous section)
suggests that under stress, individuals with high initial values may show
exaggerated increases and individuals with low initial values may show exagger-
ated decreases. If the LIV holds only for the central portion of a population
distribution and Gellhorn's model holds for many of the individuals in the
tails of the distribution, then data analysis based on task means or simple
change scores (task means - baseline means) analyzed using simple comparisons
or ANOVA, may be more useful than covariant analysis.
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Relationships Aunong Physiclogical, Iiehavioral, and Personality Variables
Numetous studivs have becn conducted comparing two or more populations on
numerous physiological, behavioral, and personality variables, but most are of
limited usefulness since the populations being compared are themselves extroemely
hetorogencous (coa., puychlatric pationts versus normals, neurotics versus
psychotics) . Also, many personality variables and bcehavioral items, themselves

interrelated, are typacally correlated with a varicety of physiological measures,
leading to spurious relationships tihat are difficult to separate from actual
relationships. tiere, the most extensive and systematic data are those of
Wenger (43).  In addition to A scores, he reported data on individual variables
for several subjoct populations, including hospitalized psychoneurotic patients
(by diagnostic cateqory), ulcer patients, and "operational fatigue" patients.

Following arce some typical results of studies comparing two or more
patient populations. Sterman et al. (79) found that patients with very prolonged
EEG responses to a cold pressor tes', compared with patients having very brief
EEG responses (recovery toward baseline began during stimulation), tended to
show prolonged autonomic responscs and be characterized by higher heart rate
levels and relatively lower levels of skin conductonce.

shipman et al. (80) used a somewhat different approach. They categorized
cutpatients on the basis of the response organ system showing the highest
consistent relative response (i.e., muscle, heart rate, blood pressure, GSR)
and reported diffoerences among these four groups on a variety of personality
measures; <.q., muscle responders were older and tended to be more depressed.

The most common approach, however, has been to select a number of variables
and analyzce them in terms of a correlation matrix. The following two studies
lllustrate this approach. Zuckerman et al. (81) examined the relationships
amon« anxiety, depression, hostility, GSR, heart rate, and breathing during a
cold pressor test for normals and psychiatric patients and noted a variety
of relationships that were difficult to interpret (e.g., patients had higher
breathing and pulse rates, normals had higher systolic blood pressures).
Similarly, Kelly et al. (82) examined anxious patients and normal controls
using forearm blood flow, EMG, heart rate, skin resistance, and a battery of
personality measures and found that patients had higher forearm blood flow and
heart rates and that forcarm blood flow was correlated with manifest anxiety.
Most relevant for the present review, however, are the differences between
Types A and B, which were discussed in the first section.

In general, relatively less attention has been given to the simultaneous
recording of several psychophysiological measures of ANS activity during the
1970s than during the 1950s or 1960s. At first this seems surprising since
the earlier research provides an excellent foundation for further investigation
of noninvasive measure of ANS activity, utilizing the significant improvements
in instrumentation and computer interfacing and availability that have occurred
during the last decade. I believe that this lack of basic research largely
results from an increased emphasis on the clinical applications of biofeedback.
Within the last decade, clinical biofeedback has become extremely popular. It
is rapidly becoming generally accepted in the treatment of numerous disorders
ranging from Raynaud's syndrome, wherc it is considered by many to be the most
consistently successful therapeutic intervention (83-85), to migraines (86,87)
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and muscle rehabilitation where it has become an invaluable diagnostic and
therapeutic technique (88,89).

R

In addition, as our understanding of the complexity of the ANS has
increased, several researchers have become highly specialized, focusing on one
or two psychophysiological variables or on a particular task or set of condi-
tions. For example, Burdick (90-94) has conducted numerous studies on heart
rate; Obrist et al. (95-100) have worked primarily with measures of blood
pressure and blood flow; and Lovallo et al. (101-103) have studied responses
to the cold pressor test.

The next two sections examine the most widely used measures of ANS activity
individually and the tasks and situations used to induce physiological arousal.

N

VARIABLES AND INSTRUMENTATION USED TO MEASURE ANS ACTIVITY

Five categories of psychophysiological variables associated with sympa-
thetic and parasympathetic arousal will be discussed:

(1) Cardiovascular Variables
(2) Respiration

(3) Electrodermal Variables
(4) Muscle Tension

(5) salivation

The intent of this report is to review research on noninvasive measures of
coronary-prone behavior and autonomic activity, so measures requiring the drawing
of blood samples are not included. Although endocrine measures of ANS activity
may be obtained from urine specimens (e.g., epinephrine, norepinephrine, meta-
epinephrines, VMA, and 17-0OHCS), it seemed more logical to discuss both serum
and urinary measures of psychoendocrine activity in a separate report. Psycho-
endocrine measures, therefore, are not considered in this report.

Cardiovascular Variables

This category includes not only the largest number of variables used in
psychophysiological research but also the most widely used ones. The most

; common cardiovascular measures are heart rate, blood pressure, transit-time,
1 and blood flow change charted by photoplethysmography and skin temperature.

Heart Rate and Heart Period--Heart rate (HR) is traditionally defined in %

. terms of the number of ventricular contractions, or beats, per minute (bpm). <

When the measurement is taken for 30 seconds or longer, the number of beats

are counted and used to compute bpm in straightforward fashion. 1If on the '

other hand, the heart period (HP), the time interval between two successive

beats, is used to compute the HR in bpm, the term "HR" can be misleading since

it implies a tonic measure when in fact a highly variable phasic measure is

being observed and recorded. Some instruments that monitor the interbeat

interval (HP) and display HR in bpm offer the researcher options (e.qg., the HR
1 being calculated on the basis of either two successive beats or five beats--the
average of four successive HPs) that further complicate the situation.
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Heart Rato Variability--Unlike HR and 0P, which have fairly standard

definitions, heart rate variability (V) 1s computed and reported in several
different ways, creating considerable confusion when data is compared across
different methods. Two basic lusues arc involved 1n HRV:

(1) the time interval underlying the IR measurement itself, and
(2) the statistical procedures ased to calculate HRV.

With regard to time intervals underlving the HR measures, at one end of the
continuum is the HP data and at the other end is HR counted over 60-second or
longer intervals. Two researchoers will gencrate quite different values of
HRV. For example, during a 20-minute task one rescarcher will measure HP
periodically throughout the task, use these HPs to calculate HR (HR = 60
sec/HP), and then calculate the variance (HRV); while a second researcher will
periodically count the number of bLeats in 60-second intervals and use these
HRs to calculate the variance (HKRV).

In addition to cowmputing HRY as the variance (or standard deviation) of
the individual measures, six other methods of determining HRV are discussed by
Burdick (93). 7The most povpular of these are the mean-square succnssive differ-
ence (104,105, the auto-correlation-lag-one (the product moment correlation
of cach obscrvation with its successor), and the coefficient of temporal
variability (the ratio of tne sguare root of the mean-squarc successive differ-
ence divided by the mean) which is favored by Burdick {(90-24).

Blood Prussure--Measures of blood jressure are the second most common
cardiovascular variables reported in the literature. ©Clinical diagnosis
always makes use of both the systolic and diastolic pressures, but because of
their covariance, rescarch has often used one or the other or the "mean” blood
pressure.  In the past, diastolic was moere widely used; however, systolic is
now more popular.

One major disadvantage of noninvasive sphygmomanonetric techniques for
monitoring blood pressure is that they do not provide continuous readings, as
an arter il catheter can.  Several rescarchers have developed monitoring
devices with an automatic intlating/deflating cuff containing a built-in
microphone to detect the Forotkoff sounds (106-108). One system, designed by
Obrist (109), cmploys two cuffs (one on cach arm) that automatically inflate/
deflate in sequence, with one cuf! measuring systolic and the other diastolic.
These devices are useful, especially tne portable ones that can be worn by the
subiject throughout a normal day or night; however, they permit only periodic
measurement of blood pressure and in general are more prone to error (especi-
ally of diastolic readings) than auscultation by a trained technician using a
regular sphygmomanometer.

In an attempt to provide continucu: readings using sphygmomanometric
techniques, Tursky et al. (110) developed a system that inflates the cuff to a
predetermined value near cither the normal systolic or diastolic pressure. The
presence or absence of the Forotkoff sounds detected by a cuff microphone indi-
cates whether the blood pressurce is above or below the preset cuff-inflation
valuc. The price paid for these centinuous readings, however, is substantial,
because the information obtained is binary {(above or below the preset value)
and, since the cuff remains inflated during the entire period when rcadings are
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taken, readings can only be obtained for short periods of time before the cuff
must be deflated to allow blood circulation into the arm. During the 1970s, in
an attempt to provide a continuous measure of blood pressure changes for bio-
feedback training and psychophysiological research, several researchers began
working with arterial pulse wave velocity.

Pulse Wave Velocity and Transit Time--The pulsec wave velocity (PWV) is the
rate the pulse pressure waves travel through the arteries and is measured by
recording the times at which pressure waves reach two points on one major
artery (e.g., the brachial and radial pulses), subtracting the times, and
dividing by the distance between the two. In actual noninvasive measurement,
however, it is difficult to obtain continuous trains of artifact-free pulses
from two different sites. Measurement is also complicated by the fact that
the time differential is very short. Most researchers, therefore, prefer to
eliminate one of the pulse detectors and use the time differential between the
R wave of the ECG and a single distal location where a strong pulse can be
obtained (typically radial, carotid, or temporal). This time interval is
referred to as pulse transit time (PTT) or simply transit time (TT). Although
TT covaries with PWV, the relationship is not perfectly linear since TT is a
function not only of the PWV but also of several intracardiac events (e.q.,
electrical depolarization, opening of the semilunar valves, and expulsion of
the blood into the aorta) (111-114).

In 1976, Steptoe et al. (114) reported linear correlations of ~.91 to
-.98 between mean blood pressure (obtained from an arterial catheter) and
TT. Although his work generated considerable interest, more recent work has
found substantially lower correlation coefficients, with large individual
differences in the magnitude of the correlations between TT and both systolic
and diastolic blood pressure (96,115).

The fact that transit time is not highly correlated with other commonly
used cardiovascular measures may turn out to be advantageous, since TT provides
another noninvasive measure of cardiovascular functioning.

Blood Flow Changes--Noninvasive measurement of changes in blood flow
(often referred to as pulse volume changes; e.g., finger pulse volume)} pose
major methodological problems. Traditionally blood flow has been measured
using volume plethysmography, skin temperature, and more recently, ultrasound.
Currently, three major types of plethysmography (volume change measurement)
are used to measure blood flow changes:

(1) Volume plethysmography, which measures changes in the volume or girth
of a 1limb

(2) Impedance plethysmography, which measures resistance to an electric
current

(3) Photoplethysmography, which measures the amount of transmitted or
back~scattered light from a constant light source.

Volume plethysmography consists of encasing a portion of the limb or digit
in a rigid, fluid-filled container that is connected to a device to measure/
record fluid displacement. Simple in design, this procedure has been used
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since the late Ig8ous (116). Although cieple in theory, in practice it poses
three major methodological jproblom::

(1) Movement arvtvitact is very tirticull to control

(2)  The oulpat rvetlocsta i wawn 0 hloed flow changes in both skin and
muscle, which way Lo o opgesaite directionsg

{13)  Unless very carctully control oed, the transducer produces temperature-
induced changes in blood ic in the limb (t17).

These probiems can be somewhat overcor: by using the tip of a finger (102,118).
Volume plethysmography is occasionally emrloyed to measure forearm blood, often
us ing the venous occlusion tecihmiigw (81,1000,

One unusual applicotion ol voluwn s lethyswegraphy is the measurement of
vaginel engorgement as a function o: woxual arousal; lhiowever, even here recent
WOrK sSeems Lo Lo »0iftlig toward by baethysmogoaghy (74,120) .

virth vletnysrograpny udlieg stlain gauge transducers (flexible tubes--
filled with electrically comiuctive liguld, gel, or jaste--wrapped snugly
around the appendage) opr for some anpli.. ctons a bimetallic C~clip, avoids the
temperature controt proplem orf tradit:onal volame toechnigues. The transducers
are cimpler to design and control, bat they are also very sensitive to movement
artifact (121, Gioth plethysmoaraphy 2 widely dased to measure respiration;
anotner popular contemporary appllcation is measuring penile tumescence either
as a function of sexual arousal or dur g REM sleep (122,123).

Impedance plethysmoyraphy consisus of passing high-frequency alternating
curraent (aC) rhrough tissuc and measar oy the impedance.  Impedance, the
living-tissue opposition to AC, incl sles not only resistance properties
(measured when Jdirect current is used) bat algo capacitance properties (124).
Brown's review of psychophysioclogical i Lrumentation suggests that compared
to the volume/girth technigues, iwpedance plethysmography "permits essentially
the same measurement . . . 1s relatively insensitive to motion artifact,
requires mucit cimpler instruwentation, and permics greater subject comfort”
(117). In spite of theue accolade:, photonlethysmegraphy has been more widely
used during the 14703,

Photoplethysmography directs a smatl constant light (usually in the red
and infrared wave lengths) into tigsae and measurces either the amount of
backscattered light or. 1if the light 15 able to pass through the tissue (e.g.,
carlobe, fingertip), transmitted light (the transillumination technique) with
a photocell detector. KWlood volume changes produce changes in the amount of
light received by the photocells.  Tanctoplethysmography has the advantage of
requiring only a small transduc.r, ani by using fiberoptic light guides, the
backscattering technique can Lo tsed i almost any body location (117,124).
Backscattered or transilluminated tecliijucs have been used in several recent
psychophysiological studies (126-127).

Sskin temperature is undoubtedly tin simplent and most widely used current
technigque for measuring surface blood iow changes. It is popular not only
for rescarch but also for a number ol olinical applications (83,86,128). The
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most commonly used transducers arc small plastic-coated spherical thermistors
which can be easily taped to any body surface. (The same thermistors can also
be used in any body orifice.) Unlike previously discussed plethysmographic
techniques, skin temperature does not provide a measure of beat~to-beat pulse
volume changes; instead, it reflects longer term gradients of blood flow
changes taking place over periods of several seconds to several minutes.

Doppler flowmeters are the newest of the techniques discussed. They have
rapidly become popular for clinical diagnosis because of their availability
and the ease with which they can be used (129). These instruments emit an
ultrasound beam of 2-10 MHz which is transmitted into the tissues via an
acoustic gel on the skin. A small portion of the sound is reflected back by
the moving red cells, and the frequency of the returned signal increases as a
function of the velocity of the red cells, the Doppler shift (129,139).
Although widely used clinically, very few psychophysiological research studies
have used Doppler flowmeters.

Respiration

Ideally, measurement of respisation should include time of inspiration
and expiration and the amount of air exchanged. Since the volumes of air
involved in each cycle and the flow rates are small, it is difficult to
accurately monitor the airflow without obstructing an individual's natural
breathing pattern. Psychophysiological research, therefore, has tended to
neglect respiratory measures, and when they are included, to generally measure
just respiratory rate, using a chest strain-gauge transducer similar to the
ones discussed in the section on blood flow (117).

Wenger's study (43) of young Air Force males where he obtained spirograms
on each subject and analyzed them for several respiration variables is virtu-
ally the only study that includes several respiration variables. 1In both his
earlier and later studies, Wenger (45) used just a strain gauge to obtain
respiration period.

Electrodermal Variables
Until as recently as the early 1960s, measures of skin potential (SP--

the electrical potential difference between an active and a reference skin
site) and skin resistance (SR--the resistance to current flow when a weak

direct current is passed between two electrodes) were considered manifestations

of the same phenomenon. SP and SR are now generally accepted as different,

albeit related, phenomena, although their exact nature is still under discussion.

Instrumentation for measuring SR or skin conductance (SC--the reciprocal
of SR) uses one of two circuit arrangements:

(1) constant voltage, which measures changes in skin resistance as
fluctuations in current, or

(2) constant current, which measures skin resistance changes as voltage
fluctuations (117).
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Although not as commonly used, if AC is substituted for DC, the resulting
electrical resistance is called skin impedance (SZ) since it includes both
resistive and capacitive elements.

Skin resistance measures (SR, SC, SZ) may be measured from any two skin sites.
Although palmar and plantar surfaces are among the most active sites for skin
resistance measures and SP, several other sites also exhibit high activity
(e.g., forehead and medial portion of the foot) (131); under stress, generally
inactive areas (e.g., chest and arm) may exhibit high activity (132).

Skin potential would ideally be measured with one electrode on the skin
surface (at an active location) and the second electrode inside the body.
Since this is not generally feasible, it is common practice to select a second,
inactive skin site (e.g., earlobe or inner arm near elbow) for the reference.
Activity at these sites can be further reduced by breaking through the outer
skin layer and making contact with subdermal layers, using procedures such as
skin abrasion with a gritty salt paste or tiny punctures with a fine-grade
needle (133). Note, however, that if an inactive site (as opposed to inside
the body) is selected, there is always an absolute error with reference to
inside the body. Thus, the standardization of inactive-site electrode place-
ments is greatly to be desired.

Electrodermal measures (still often referred to by the generic term "gal-
vanic skin responses," GSR) have traditionally been widely used. With the
popularity of clinical biofeedback during the 1970s, however, they have been
somewhat overshadowed by electromyography (EMG) and skin temperature. For a
summary of electrodermal research and a discussion of the electrical properties
of the skin, see Edelberg's excellent 1972 review (133).

Electromyography

As with skin temperature, EMG is essentially a fairly straightforward
variable which has become widely used. EMG is essentially a measure of the
electrical activity resulting from the progressive change in polarization of
the surface membrane of the muscle fiber, and is typically measured noninvasive-
ly by multiple relatively large (e.g., 4-mm to 4-cm-diameter) surface electrodes.

Muscle action potentials can be recorded from any muscle group in the
body. Several researchers have examined large numbers of muscle groups in an
attempt to determine whether there are general muscle factors and which muscles
best reflect these factors. Although there is considerable intraindividual
variation, under resting conditions, residual muscle tension tends to be found
primarily in the limbs, with little electrical activity in the head and neck
muscles; under mental workload, neck and muscle tension typically increases
significantly. This is undoubtedly one reason that the frontalis (more pre-
cisely, the center of the forehead) has become the most popular site for
electrode placement in studies measuring general arousal. Also, the forehead
is ecasily accessible and socially acceptable; and although a subject can
casily wrinkle his forehead and see the increase in muscle activity, the
clectrode measures the subtle, largely involuntary muscle activity associated
with facial expression.

18

Iy ok e o R T

e

T 7 Frat, W B AT <t




P .t

The frontalis placement, however, is by no means universally accepted as
the best site for measuring total body muscle tension. TFor example, some
studies suggest that with individuals under stress and frustration, the most
prominent muscle tension was found in the trapezius and masseter muscles.

Unlike the slow temperature gradients, the electromyogram character-
istically consists of bursts of spikey activity followed by (or alternating
with) periods of relative quiescence. Consideration of both the mean value
and the variance for the observation period is therefore desirable (134).

Salivation

Research on salivation, as compared to that on the other ANS variables,
has been largely ignored in America and has fared only slightly better in
England and Australia. Perhaps research on salivation has not been popular
because it is not seen as having much clinical utility; however, this is
unfortunate because relatively high test-retest reliabilities are typically
reported and studies have suggested relationships between salivation and
arousal (135,136), introversion (137,138), and affective disorders (139,140).

The only researcher who appears to have studied salivation as part of an
ANS profile is Wenger (42,43). See Brown (141) for an extensive and very
readable review of the literature, and White (142) for an update.

White also compared measurements of salivation, using three noninvasive
techniques:

(1) Wenger's procedure, where saliva is collected from the whole
mouth by a small tube held between the lips and connected to
a vacuum collection jar

(2) A parotid capsule suction technique in which the end of the collec-
tion tube is a small capsule that is positioned over the Stetson duct
and held in place by an outer suction chamber

{3) Cotton swabs placed sublingually and buccally.

The results obtained from the three methods tended to be highly intercorrelated,
suggesting that all three procedures are useful and that the choice among them
can be based on convenience, cost, the exactness of the measurement desired, and
whether secretion rate changes during the collection period are desired (142).

Table 1 provides a cross-tabulation of research studies cited in this
report with each variable. For additional general background in the area,
Greenfield's and Sternbach's Handbook of Psychophysiology is highly recommended
(143). Although the Handbook is becoming dated (published in 1972) and does
not reflect the tremendous development of instrumentation that has taken place
during the 1970s or adequately cover recent topics (e.g., transit-time, Doppler
flowmeters), it still remains the best single source of information. For
recent reviews of noninvasive diagnostic techniques for cardiovascular disease,
see Barnes (130) and Lieberman (129).
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TASKS/CONDITIONS USED TO INDUCE ANS AROUSAL

Numerous laboratory and field situations have been used to produce ANS
arousal (stress). Although this report is primarily concerned with laboratory
stressors, the following will illustrate some of the many and varied real-life
situations that have been used. For example, studies have been conducted on
test pilots before and after flying (144); racing-car drivers during a race
(145) ; patients awaiting surgery (146); UDT teams before a stressful underwater
swim (147); commuters, as a function of traffic congestion and length of daily
commute (148); and the most popular, students before oral or written examina-
tions (149-151).

Since laboratory situations are directly manipulable by the experimenter,
the investigator must determine a number of parameters, including the following:

(1) Should the task/situation involve aversive stimulation?

On the plus side, aversive stimulation typically produces greater
physioclogical change; however, the major deterrent is that the stimulation
may not be acceptable to many potential subjects.

(2) Should the task be active or passive?

Recent work by Obrist et al. (97,99) on cardiovascular interactions
suggests that during passive tasks the heart is under vagal (parasympathetic)
dominance, whereas during active coping tasks the heart is primarily under the
beta-adrenergic (sympathetic) control. They conclude that the greatest task-
related changes in cardiovascular activity are produced by tasks that engage a
subject and provide him some measure of control over the task. Also, recent
research on coronary-prone behavior suggests that Type A-Type B differences
are likely to be greater under challenging reactive task conditions (25-29,
35,152).

Active coping, however, when combined with aversive stimulation,
assumes that the subject has (or perceives to have) some degree of control
over the occurrence of the aversive stimulus. This introduces the question of
whether control over aversive stimulation increases or reduces physiological
arousal, as compared to lack of control over such stimulation. Although these
phenomena are complex (see Averill (153) for a summary of the literature on
personal control and aversive stimuli), in general, control with a high degree
of uncertainty seems apt to produce higher levels of arousal, both subjective
and physiological, than either highly predictable personal control over the
aversive stimulation or no control (passive aversive stimulation). This
assumption is also supported by a recent study in which Type A and Type B
women were asked to report fatigue and symptoms associated with ANS arousal
during a task involving unpredictable and predictable noise. Greater numbers
of symptoms were reported by both A's and B's when the noise was unpredictable
(154).

(3) 1If the task is active, should it

(a) be primarily cognitive or psychomotor?
(b) be easy, difficult, or impossible?
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(c) involve competition with another person, a computer,
a set of standarxds (actual or deceptive), the subject's own
performance, or against the clock?

Virtually all combinations of the above owtions can be found in the litera-
ture (usually with several permutations). Table 2 lists a number of these
studies as a function of the task conditions used to induce stress. There is
also an overlapping, but separate, literature dealing with "mental workload."
For a review of this literature see Moray's book, Mental Worklocad, Its Theory
and Measurement (155), or Wierwille's review article (156).

REVIEW AND RECOMMENDATIONS

Strong, continually increasing evidence supports the concepts of coronary-
prone behavior and stress as major factors in myocardial infarctions and the
development of atherosclerosis. The most probable underlying physiological
mechanisms involve hyperreactivity and/or hyperlability of the sympathetic
branch of the autonomic nervous system. This hyperreactivity and/or hyper-
lability appears to be a reactive (state) phenomenon.

Early research on Type A and Type B differences demonstrated that Type A's
tend to manifest higher reactive levels on several serological variables (e.qg.,
cholesterol, norepinephrine) associated with accelerated atherosclerosis. More
recent research has also shown Type A's to be more reactive on several psycho-
physiological wvariables (e.g., heart rate, systolic blood pressure) under a
variety of task conditions.

These findings are more impressive than a review of the studies would
suggest when we consider the methodological problems inherent in using currently
available instruments (Structured Interview, Jenkins Activity Survey) to assess
coronary-prone behavior. Problems such as low interscores reliability, lack of
subject self-awareness, and attempts to deceive by the subject, result in
considerable potential misclassification. These problems become even more
important if the individuals being classified are of above-average intelligence
and highly motivated not to display coronary-prone behavior. Air Force pilots
would clearly fit this description. For the value of the coronary-prone be-
havior pattern as a predictor of coronary disease to be fully realized, new ways
of assessing the pattern must be developed to avoid these problems.

To date there has been little systematic attempt to examine multiple auto-
nomic variables associated with the coronary-prone behavior pattern. Wwhat
research has been done has tended to focus more on the task and situation param-
eters than on profiles or autonomic responses.

I therefore recommend that, as a logical extension of the current work on
coronary-prone behavior, a systematic examination of autonomic profiles be
conducted under challenging or stressful conditions, as a function of Type A and
Type B behavior, with the goal of developing new and better techniques for
assessing coronary-prone behavior.

' Three research strategies are suggested, all based on a test protocol
involving a number of measures of ANS reactivity:
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{1) Stepwise discriminant analysis of Type A and Type B behavior

{(2) an R technique factor analysis in which pairs of measures would be
correlated for all subjects, and factor analyzed. The literature would predict
a three- or four-factor model of ANS reactivity.

(3) A standard-score profile approach in which a profile of standard
scores across the ANS measures would be constructed for each individual. If the
number of individuals is large enough, this data could also be factor analyzed
using the obverse (Q technique) approach in which pairs of individuals are
correlated and the matrix factor analyzed.

The following ANS measures should be included: heart rate, heart rate
variability, blood pressure, transit time, one or more measures of blood flow
(photoplethysmography and skin temperature are recommended), respiration rate,
skin resistance and/or skin potential, muscle tension, and salivation.

One or more of the task situations should be challenging, require active
involvement of the subject, and contain an aversive stimulus.

The recommended proiect would be a valuable first step, but only that;
heart disease is the logical end point, not Type A-Type B classification.
Therefore, assuming that the protocols of ANS reactivity discussed above can be
developed, the second phase should be to use these protocols to examine the ANS
profiles of individuals undergoing coronary catheterization and to correlate the
profiles with objective measures of coronary artery occlusion.

Potentially such a program will develop a noninvasive screening technique
that will not only add greater predictability to existing coronary-risk factor
equations, but will also suggest intervention strategies that can be used to
modify autonomic responses in stressful situations and thus reduce the negative
consequences of those situations.
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